FOR AERONAUTICS 


REPORT 938 


SUMMARY OF SECTION DATA ON TRAILING-EDGE 

HIGH-LIFT DEVICES 


By JONES F. CAHILL 



For sale by the Superintendent of Documents, U. S, Government Printing Office, Washington 25, D, C. Yearly subscription, §3; foreign, $4.50 
' ' single copy price varies according to size - Price 25 cents > 



r AERONAUTIC SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 



•" ' ” . J.. 

K - 

Metric 

- English 


Symbol 

Unit " . . 

' . r' ... . ... 

Abbrevia- 

tion 

Unit 

Abbrevia- 

tion 

Length. _ 

Time____ 

Force 

l 

t 

F 

meter. .A — ... 

second 

weight of 1 kilogram _ 

m 

s 

kg - 

foot (or mile) 

second (or hour) 

weight of 1 pound 

ft (or mi) 
sec (or hr) 
lb 

Power A__ 

Speed .... 

P 

V 

horsepower (metric) 

/kilometers per hour 

(meters per second. 

kph 

mps 

horsepower _ 

miles per hour.. __ 
feet per second 

hp 

• mph 
fps 


Weight —mg N V' ~ ■ . s . 

Standard acceleration of gravity =9.80665 m/s 3 
or 32.1740 ft/sec 2 A 

w . ' ' v , - 

Mass— ' - ,> v 

; /' 9 . . . x 

Moment of inertia— mP. (Indicate axis of 
radius of gyration 1c by proper subscript.) 
Coefficient of viscosity ) : - 


2. GENERAL SYMBOLS 
v Kii 


v Kinematic viscosity - 

p. Density (mass per unit volume) 

Standard density of dry air, 0.12497 kg-m~ 4 -s s at 15° C 
and 780 mm; or 0.002378 Ib-rfr 4 sec 2 
Specific weight of “standard” air, 1.2255 kg/m 3 or 
0.07651. Ib/cu ft , 


8. AERODYNAMIC SYMBOLS 


Area 

Area of wing ; 

Gap x ’ ■ 'A 

Span 

Chord 

Aspect ratio, ^ 

True air speed 
Dynamic pressure; ^pF 2 


Lift, absolute coefficient C L —-g- 

Drag, absolute coefficient 

Profile drag, absolute coefficient Cd 0 — ^ 

Induced drag, absolute coefficient C Dj =^A 

* gS 

Parasite drag, absolute coefficient On P —^ 

- ' C 

Cross-wind force, absolute coefficient 


Induced drag, absolute coefficient C D 


Angle of setting of wings (relative to thrust line) 
Angle of stabilizer setting (relative to : thrust 
line) < v .. 

Resultant moment / x 

Resultant angular velocity i , 

. . ' ■ : j . ■- yi # : ' 

Reynolds number, p— where Z is a linear dimen- 
sion (e.g., for ah aiHoil of 1 .0 ft chords 100 mph, 
standard pressiire at 15° C, the corresponding 
Reynolds number is 935,400; or for an airfoil 
of 1.0 m chord, 100 mps, the corresponding 
Reynolds number is 6,865,000) ; . 

Angle of attack .> 

Angle of downwash ' y 

Angle of attack, infinite aspect ratio 
Angle of attack, induced A'. "... : 

Angle of attack, absolute (measured from zero- 
lift position) ) 

Flight-path angle 
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By Jones F. Cahill 


SUMMARY 

A summary has been made of available data on the charac- 
teristics of airfoil sections with trailing-edge high-lift, devices. 
Data for plain, split, and slotted flaps are collected and analyzed. 
The effects of each of the variables involved in the design of the 
various types of flap are examined and, in cases where sufficient 
data are given, optimum configurations are deduced. Wherever 
possible, the effects of airfoil section, Reynolds number, and 
leading-edge roughness are shown. For single and double 
slotted flaps , where a large amount of unrelated data are avail- 
able, maximum lift coefficients of many configurations are 
presented in tables. 

INTRODUCTION 

A rather large amount of data on the section aerodynamic 
characteristics of trailing-edge flaps has been obtained during 
the course of the last several years. Some of the data has 
been obtained as a part of a general program on the investiga- 
tion of these characteristics; but a large amount, particularly 
that obtained during the war, has of necessity been directed 
toward the development of high-lift devices for specific air- 
planes and, as a result, is generally unrelated to the over-all 
program. This report is prepared with a view of collecting 
and correlating, insofar as possible, the data that are avail- 
able for the purpose of providing a guide for the selection 
of the type or size of high-lift device for specific applications 
and for showing, if possible, means for predicting the char- 
acteristics of configurations which have not been specifically 
tested. 

In some few cases, the only data available to show the 
effects of fundamental flap design parameters were obtained 
on rectangular wings of constant section and of aspect ratio 6. 
In all other cases, only section data have been included 
in this report, both in an attempt to keep the size of the 
report below a reasonable limit and because of the fact that 
the application of the section data to finite span wings can 
be considered a separate problem. For this reason, no data 
are shown on the effects of flap tips, on cut-outs, on fuselage 
interference, or on slipstream effects. No detailed analyses 
have been made on the effects of the flap characteristics 
on the performance of airplanes. 

Although the requirements of good high-lift devices are 
fairly well known, a short summary of the more important 
characteristics is presented herein. The increase in maximum 
lift coefficient is the primary function of flaps; and, generally, 
the effects of flaps on other characteristics must be considered 
as secondary results of this increase in maximum lift. 


Flaps and other high-lift devices were first put into use for 
landing airplanes in small airfields with nearby obstructions 
without penalizing high-speed performance. The recent use 
of higher and higher wing loadings has made the need for 
these devices even more acute and has presented the necessity 
for using high-lift devices during take-off as well as landing. 
For take-off, a high maximum lift is desirable but must be 
accompanied by low drags. For landing, the highest maxi- 
mum lift possible is desirable for decreasing the landing speed, 
and some additional drag is useful for steepening the glide 
path for landings over high obstructions. Recent flight tests 
(reference 1), however, have shown that the pilot’s judgment 
is seriously impaired if the rate of descent during landing is 
greater than about 25 feet per second. Too high a drag 
coefficient therefore cannot be tolerated. 

In addition to these fundamental requirements, the flap 
should be such that in its retracted position it adds as little 
as possible to the drag of the wing. High pitching-moment 
coefficients are undesirable both because of the structural re- 
quirements of the wing and because of the fact that the down 
load on the tail required to trim out the pitching moment 
detracts from the lift of the wing. Low aerodynamic loads 
on the flaps are desirable both from strength considerations 
and operating requirements. Both the pitching moments 
and the flap loads are a direct result, however, of the same 
phenomena that produce the lift, and very little can be done 
to reduce either of these for a given type of flap. 
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Cffc 

Cvl' C 

t/c 
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Cl 

max 

Ci 


Cli 

Cl 

max 
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Ac 


Imax 


opt 
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SYMBOLS 

airfoil chord 

distance along airfoil chord 
slot-lip extension, distance along chord line 
from leading edge to end of slot lip, fraction 
of airfoil chord 
flap-chord ratio 
vane-chord ratio 
airfoil thickness ratio 
lift coefficient 
maximum lift coefficient 
section lift coefficient 
design section lift coefficient 
maximum section lift coefficient 
increment of maximum section lift coefficient 
optimum increment of maximum section lift 
coefficient, highest maximum lift coefficient 
measured for a given airfoil -flap combination 
stream dynamic pressure 
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p 

coefficient of pressure difference across airfoil 
(S V ~S L , where S v and S L are surface pres- 
sure coefficients on the upper and lower 
surfaces of the airfoil at a given point along 
the chord) 

b 

variation of hinge-moment coefficient with 
flap deflection ^ 

bi/a a 

variation of hinge-moment coefficient with lift 
coefficient (dc^/dc t ) 

V 

variation of flap normal-force coefficient with 
flap deflection (< dcjdb ) 

Vo 

variation of flap normal-force coefficient with 
lift coefficient ( dcjdci ) 

C D 

drag coefficient 

Cd 

section drag coefficient 

Cm 

section pitching-moment coefficient 

C"m j 

flap section moment coefficient 

Ch f 

flap section hinge-moment coefficient 

s 

flap section chord-force coefficient 

Cn f 

flap section normal-force coefficient 

A C Hf 

increment of flap section normal-force 
coefficient 


flap deflection 

8 V 

vane deflection 

Cm v 

vane section moment coefficient 

Cc v 

vane section chord-force Coefficient 

c n v 

vane section normal-force coefficient 

Xf, Vf 

horizontal and vertical positions of flap leading 
edge (figs. 24 and 40) 

x V) y t 

horizontal and vertical positions of vane lead- 

A, 

ing edge (fig. 40) 


ratio of incremental pitching-moment coef- 

A c l 

ficient to incremental section lift coefficient 
caused by flap deflection 

R 

, Reynolds number 

A 

aspect ratio 

«0 

section angle of attack 


FLAP THEORY 


The basic theoretical treatment of the effects of flaps on 
the characteristics of airfoils was made by Glauert (references 2 
and 3) by an extension of the thin-airfoil theory. This 
analysis led to expressions by which the lift, pitching mo- 
ment, and flap hinge moments can be calculated. This 
thin-airfoil theory gives the value of the pressure difference 
at any point x along the chord for the airfoil with flap 
deflected in terms of the stream dynamic pressure q as: 


p 4(l+cos 9) 
~ sin 9 




85 sin nd 0 sin nd 
n 7r 


and for the flap neutral case: 

0 4(l-feos0) 

1 1 — “ r 


The incremental load distribution caused by flap deflection 
is then 


p f 4(l + cos 6) {tv — dp) 
5 _ 7r sin 9 


where 

_,A 2x\ 

9— cos ( 1 — — ) 


^ 8 sin nd 0 sin n6 ' 1 

2 i 5 

n = 1 nir _ 


a angle of attack measured to undeflected part of chord lin( 
x distance along chord from leading edge 
9 0 value of 9 at flap hinge 
cos 0 O — — (1 —2 E) 

sin 9 0 = 2-yjE(l—E) 

E ratio of flap chord to total airfoil chord ( Cfjc ) , 

5 flap deflection ' 


Definitions of the parameters a, 5, and E are shown in figure 1. 
This incremental load distribution may now be considered 
as the sum of two components, an incremental additional 
distribution and an incremental basic distribution; thus, 


and 


P = 4(tt — 9 0 ) (1 + cos 6) 

H tv sin 9 

8 sin n9 0 sin n& 
nir 



The load distribution P ag may be seen to be identical with tin 
load distribution caused by changes in the angle of attacl 
of the plain airfoil and indicates a change in ideal angle o: 

attack equal to — (x— 0 O )5 caused by the flap deflection 5 

7T 

Glauert’s expression for the lift increment (at constant angle 
of attack) caused by deflection of a flap is 

c* s =2[(tt— 9 0 ) +sin 0 O ]6 


which may also be broken up into the components 


and 


Ci as = 2{Tv—9 0 )d 
2 sin 9 0 8 


The values of the pressure-difference coefficients for uni 



sin 9 


Figure 1. — Definition of parameters used in flap theory. 
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incremental lift coefficient may then be expressed as 
-Pas 2(1 + cos 0) 

0i a ~ w siu 9 

and 


Z) 


sin nd 0 sin nd 


c lh 7 T sm 0 O n= \ 


n 


which may be reduced to 


C \ 


2 

7 r sin 0 O 


log. 


sin ^ (Oq+9) 
sin ^ (%~d) 


The thin-airfoil theory indicates that these increments in 
load distribution will be the same regardless of the original 
shape of the mean line. From these equations, therefore, 
the theoretical incremental load distribution may be cal- 
culated for any airfoil section equipped with a plain flap. 

The pitching-moment increment has been derived by 
Glauert as 


Ac m 2 


^ ^sin 9 0 — ~ sin 2 0 O ^5 


For convenience in analysis, the pitching-moment increment 
caused by flap deflection is frequently expressed as a func- 
tion of the lift increment caused by flap deflection. The 
ratio of pitching-moment increment to lift-coefficient incre- 
ment provides the relation 

Ac m +( sin «»-+ n2 «») 

Ac i (tt— d 0 ) + sin 0 O 

This equation shows that the ratio of pitching-moment- 
coefficient increment caused by flap deflection to lift-coefficient 
increment caused by flap deflection is a constant for any 
given flap and is a function only of the flap-chord ratio. 

The hinge moment of the flap was determined by con- 
sidering only that part of the load over the flap itself and 
results in the equation 

-Cn=~ c l — 265 

di 

where 

5T+ [(§“*) -(|-2«) (!-cos-‘VS)] 

t= 2(i-23jp=Ej r|_ cos -, VE -__ ^r=E)] 

Values of b x ja i and b are shown plotted against flap-chord 
ratio E in figure 2 . 

In reference 4, Pinkerton developed equations for the 
normal-force coefficient on a deflected flap on the basis of 
the thin-airfoil theory by integrating the load distribution 
over the flap. This integration results in an equation for 


the flap normal force similar to Glauert’s equation for the 
flap hinge moment: 


where 


C nf =VoCl—vS 


= 2 

7r(l + COS d 0 ) 


(• 7 T — do — sin d 0 ) 




4 

v 7r(l + cos 0 o ) 


jsin 2 0 o (l + cos d 0 ) + 


2 



sin 0 O sin 7id 0 cos nd 0 
n 2 — 1 


cos 0 O sin 2 n 0 o - l| 

n(n 2 — 1) Jj 


A general summation of the series term in the expression for 
r] has not been found so that approximate methods of cal- 
culation have been used to calculate these values. Values 
of 7] and ??o are shown plotted against E in figure 3. 

An examination of Glauert’s equations for the load dis- 
tributions caused by deflection of a plain flap indicates that 
infinite pressures are encountered both at the leading edge 
and at the flap hinge. A better indication of the actual flow 
conditions could be obtained if the pressure distributions 
were caculated by the thick-airfoil theory of Theodorsen., 
(reference 5). This process, however, is extremely laborious 
and breaks down just as the thin-airfoil theory does when 
the flow separates from the airfoil. In reference 6 , a method 
lias been derived by Allen for rapidly computing the load 
distribution over airfoils with flaps. This method is based 
on an empirical relation between the theoretical load distri- 
bution and experimentally determined values. For all flap 
deflections at which the flap is unstalled, a single relation was 
found to apply; but at higher deflections, a different relation 
must be used for each flkp angle. In the application of this 
method, the load distribution is related directly to the lift- 
coefficient increment rather than the flap deflection which 
was used in Glauert’s theoretical treatment. The flap deflec- 
tion is important only at high deflections where it determines 
the shape of the empirical relation between the theoretical 
and experimental results. The lift-coefficient increment 
must be determined from force tests, and the division of the 
lift increment between incremental additional and incremen- 
tal basic components is accomplished by the use of the 
experimental pitching-moment increment and empirically 
determined locations for the centroid of the incremental basic 
load. 



Figure 2.— Values of factors b and — bjai in equation for hinge-moment coefficients. 
Reference 3. 
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Figure 3. — Factors >; and 7 ; 0 in equation for flap normal-force coefficients. 

Reference 4. 

Data required for the application of this method to the 
determination of load distributions are the lift and the 
quarter-chord pitching moments at a given angle of attack 
for the airfoil with the flap both retracted and deflected, and 
the class of additional distribution to be used. The class of 
additional distribution to be used for conventional airfoil 
sections is given in reference 6 and computed additional 
distributions (in the form A v a /V, the nondimensional local 
increment of velocity caused by additional type of load 
distribution) for a number of NACA sections, both conven- 
tional and low drag, are given in reference 7. The lift and 
moment coefficients given are assumed equal to c nv c mi , 
c n2 , and c m2 as shown in figures 4 (a) and 4 (b). The assump- 
tion is made that the normal force and pitching moments 
corresponding to the distribution of figure 4 (c) are not 
significantly different from those of figure 4 (a). Then 
(fig. 4 (d)): 

A Cfti C m g C m ^ 

A c n c n ^ 


These incremental coefficients are then converted to coeffi 
cients corresponding to the distribution shown in figure 4 (e' 
by means of the following equations: 

A c m — T m Ac m 

Ac ra ■ Ac m J t A c m 

The factors r n and r m are given in tables V find VI of ref 
erence 6. The incremental basic normal-force distribution h 
responsible for the entire incremental pitching-mom eni 
coefficient A cj and the magnitude of the incremental basi< 
normal-force coefficient is therefore determined from tin 
equation ' 


where G is equal to the distance of the centroid of th< 
incremental basic normal-force distribution from the quarter 
chord axis and is given for various flap-chord ratios and flaj 
deflections in table IV of reference 6. The incrementa 
additional normal-force coefficient is then equal to: 


n' 


A c n c / 


The values of the pressure-difference coefficient in terms o 
the stream dynamic pressure q may then be obtained fron 


and 


Pn 


Cn ' ab 
H 


P 

“ %, ” 8i 


and the values of Pa h Jc na% and P bs fc H are obtained froir 

reference 6 or 7. It is shown in reference 6 that the values 
of P bs jc nt) 5 and G change with a change in flap deflection 

whereas, the theory would indicate that these values shoulc 
be independent of flap deflection for a given flap-clioro 
ratio. These differences are caused by the fact that above 
a deflection of about 15° the flow begins to separate at the 
flap hinge. The values in the range where no separatior 
is encountered are the same regardless of flap deflection 
The value of 15° as a limit for the flap deflection where 
unseparated flow exists should be used with caution since 
a number of factors, including Reynolds number, surface 
condition, and leaks at the flap hinge, can have a large 
effect on the flap deflection at which this separation begins 
Distributions are also given in reference 6 for airfoils with 
split flaps based on the assumption that the flow over a 
split flap should be the same as the flow over a plain flap 
with a boundary layer over the flap of thickness equal tc 
the distance from the airfoil upper surface to the flap lowei 
surface. The analysis reported in reference 6 showed that 
above a flap deflection of about 40° the load distributions 
for plain and split flaps were identical. 

The incremental flap normal force and hinge moment 
caused by flap deflection are equal to the sums of the contri- 
butions to each from the incremental basic and incrementa] 




SUMMARY OF SECTION DATA ON TRAILING-EDGE HIGH-LIFT DEVICES 


5 







(a) Normal-force distribution for airfoil with flap neutral. 

(b) Normal-force distribution for airfoil with flap deflected. 

(c) Distribution shown in (a) with flap normal-force distribution plotted normal to 

flap-deflected chord. 

(d) Incremental normal-force distribution caused by flap deflection. 

(e) Distribution shown in (d) plotted normal to flap-neutral chord. 

Figure 4. — Normal-force distribution and incremental normal-force distribution for 
flaps neutral and deflected. 

additional normal-force distributions. The flap normal- 
force coefficient and flap hinge-moment coefficient are equal to : 

Cra / 5 ==7a « c %+' y6 s Cw 6 g 
Cfi f =Va s Cn a& + V bs Cn bs 


The values of the factors y and r) are given in reference 6- 

Comparisons of experimental data with loads and distri- 
butions calculated by this method show that excellent agree- 
ment is obtained for plain flaps when the proper assumption 
is made as to whether the flap is stalled. Similar compari- 
sons made for split flaps show that, although the over-all 
effects of the flap are shown quite well over the forward 
part of the airfoil, rather large discrepancies are noted over 
the rear with the result that loads and moments predicted 
in this manner are not accurate. 

By using the assumption that a slotted flap is merely a 
plain flap with a boundary-layer control slot and by consid- 
ering the chord to be equal to the total chord of the wing 
with flap extended, some comparisons have been made 
for slotted flaps. These comparisons show again that the 
over-all effect is predicted to an accuracy suitable for wing 
structural purposes but with large differences near the flap 
where flow through the slot can affect the load distribution. 
The flap loads for slotted flaps are indicated with only 
qualitative accuracy. 


DISCUSSION OF EXPERIMENTAL RESULTS 
PLAIN FLAPS 

The plain flap is one of the simplest lift-increasing devices 
in use, consisting merely of a hinged part of the wing near 
the trailing edge which can be deflected downward to in- 
crease the camber and, therefore, the lift. The only funda- 
mental design parameters (aside from airfoil section and 
Reynolds number) which can have an effect on the perfor- 
mance of a plain flap arc the flap-chord ratio and the angle to 
which the flap is deflected. 

MAXIMUM LIFT 

Curves of maximum lift coefficient arc shown plotted 
against flap deflection for various sizes of plain flaps on 
several airfoil sections in figure 5 (data from references 7 
to 12). Generally, the maximum lift coefficient is shown to 
increase with flap deflection to a maximum at a flap de- 
flection of about 60° or 70° except for the largest flap (0.60c) 
which increases the maximum lift coefficient only for very 
small deflections. 

A comparison of the increments in maximum lift coefficient 
for the NACA 23012 airfoil with 0.20c flaps at Reynolds 
numbers of 0.609 X10 6 and 3.5 X10 6 shown in figure 6 
indicates that, in this range of Reynolds number at least, 
the maximum-lift-coefficient increment is essentially in- 
dependent of scale. Optimum maximum-lift-coefficient in- 
crements (the highest maximum-lift-coefficient increments 
attained) are plotted against flap-chord ratio for the three 
NACA 230-series and the Clark Y airfoils in figure 7 on the 
basis of the rather meager data available. These data show 
that the best maximum lift coefficients are attained with 
flaps of 0.20c or 0.25c and that the maximum-lift-coefficient 
increment increases with airfoil thickness ratio for the 
NACA 230-series airfoils in the range of thicknesses shown. 
The data for the NACA 66(215)-216 (fig. 5) airfoil seem to 
agree with the increment for an NACA 230-series airfoil of 
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similar thickness; and although the NACA 65,3-618 air- 
foil shows lower increments, the value of the highest maxi- 
mum lift coefficient for this airfoil is nearly as high as that 
of the NACA 66(215)-216 airfoil. 

A gap between the airfoil and flap at the flap hinge allows 
air to leak through from the high pressure on the lower 
surface to the low pressure on the upper surface and to 
decrease the effectiveness of the flap. Maximum-lift data 
from reference 10 are shown in figure 8 for an airfoil with a 
0.20c plain flap with a 0.0032c gap both sealed and unsealed. 
The maximum lift coefficients are higher in all cases with the 
gap sealed, and the decrement in maximum lift coefficient 
caused by the gap increases as the flap deflection is increased. 


DRAG 

The effect of flap size on the drag coefficients of airfoils 
equipped with plain flaps is shown in figure 9. Envelope 
polars of total-wing drag coefficient are shown for a Clark Y 
wing of aspect ratio 6 equipped with 0.10c, 0.20c, and 0.30e 
full-span plain flaps. These data indicate an increase in drag 
coefficient with flap size at any lift coefficient above about 1.2, 
A large part of the drag of airfoils equipped with deflected 
plain flaps is caused by the fact that the flow over the flap 
separates at relatively low deflections (of the order of 15 c 
or 20°). The higher drags of the larger flaps are therefore 
probably a result of a larger separated area’ and a larger wake 



(a) Clark Y airfoil; 
f?=0,G09X10 6 . 

(cl NACA 230-series airfoils; 
f?=0.609X10 6 . 


(b) NACA 23012 airfoil. 


(d) NACA 6-series airfoils; 

/f=6.0X10 6 , —=0.20. 
c 


Figure 5. — Variation of maximum section lift coefficient with flap deflection for several airfoil sections equipped with plain flaps. 
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Figure 6. — Effect of Reynolds number on increment of maximum section lift coefficient 
caused by deflection of a 0.20c plain flap on the NACA 23012 airfoil section. 



Figure 7. — Variation of optimum increment of maximum section lift coefficient with 
flap-chord ratio for several airfoil sections equipped with plain flaps. 


Drag data on an NACA 23012 airfoil fitted with a 0.20c 
flap are shown in figure 10 at two values of the Reynolds 
number (references 12 and 13). These data show that the 
favorable effect of increasing Reynolds numbers extends 
throughout the entire range of lift coefficient. It should be 
noted that the effective Reynolds number of 8.4 X10 6 given 
in figure 10 corresponds to a test Reynolds number of approxi- 
mately 3X10 6 . Any conclusion concerning the effect of 
Reynolds number based on these data is subject to the 
limitations of the concept of effective Reynolds number. 

Drag polars for several low-drag airfoils equipped with 
plain flaps are shown in reference 7. These data show that 
the low-drag range of smooth low-drag airfoils can be shifted 
to higher lift coefficients by small deflections of a plain flap. 
It is obvious therefore that it should be possible to use a flap 
of this type to maintain low profile drags through a wide 
range of lift coefficient. 



Figure 8. — Effect of gap seal on maximum lift coefficient of a rectangular Clark Y wing 
equipped with a full-span 0.20c plain flap. A = 6; R=0.609X10 6 ; reference 10. 



O .2 A .6 .8 1.0 1.2 t .4 1.6 1.8 2.0 

Lift coefficient, C L 


Figure 9.— Envelope drag polars for a Clark Y airfoil equipped with plain flaps 
of various sizes. R= 0.609X10 6 ;A = 6; reference 10. 



Figure 10. — Envelope drag polars for an NACA 23012 airfoil equipped with a 0.20c plain 
flap at two Reynolds numbers. • 


864781—50 2 
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PITCHING MOMENT 

The ratio of pitching-moment increment to lift increment 
caused by deflection of a plain flap has been shown by Glauert 
to be a constant for any given flap and to be dependent 
only on flap-chord ratio. Experimental data indicate that 
this linear relation of pitching moment to lift is actually 
obtained. Figure 11 shows a curve of the theoretical 
slope Ac m /Aci plotted against flap-chord ratio along with 
several experimental values. The agreement is shown to be 
reasonably good. 

FLAP LOADS AND MOMENTS 

The method derived by Allen for predicting flap loads and 
moments has been summarized in the section on flap theory. 
Flap normal forces, taken from reference 14, at an angle of 
attack of 0° are shown in figure 12 along with the normal 
forces calculated by Allen’s method.. These results show 
very good agreement between calculated and experimental 
results. Similar comparisons between experimental flap 
loads and loads calculated by means of the thin-airfoil theory 
show great discrepancies. The large errors resulting from 
the use of the thin-airfoil theory can probably be ascribed 
to the fact that the thin-airfoil theory bases all results merely 



Figure 11. Variation of ratio of pitching-moment coefficient to lift coefficient at constant 
angle of attack with flap-chord ratio. 



Figure 12. Variation of flap normal-force coefficient with flap deflection. NACA 23012 
airfoil; 0.20c plain flap; ao=0°. 


on the flap deflection. Because of separation of the flow 
from the airfoil surface, flap deflection is not so effective for 
increasing the loads on the wing as would be indicated by 
the perfect-fluid theory. 

Hinge moments for plain flaps are subject to the same 
differences between the ideal conditions and those normally 
encountered in practice. The same sort of comparison could 
therefore be expected between the theory and experiment. 
Data are shown in figure 13 for the 0.20c flap on the NACA 
23012 airfoil and again show good agreement with predic- 
tions based on Allen’s empirical method. 

SUMMARY OF PLAIN-FLAP DATA 

Maximum lift coefficients for airfoils with plain flaps are 
shown to increase with flap-chord ratio to a maximum at a 
flap-chord ratio of about 0.20c to 0.25c. The highest maxi- 
mum lift coefficients for airfoils with flaps of about this size 
usually occur at flap deflections of about 60°. Within a 
range of Reynolds number from 0.6 X10 6 to 3.5 X10 6 at least, 
scale seems to have little effect on maximum-lift-coefficient 
increments caused by deflection of a plain flap. Rather 
meager data for NACA 230-scries airfoils show that the high- 
est maximum-lift-coefficient increment attainable with plain 
flaps of a given size increases as the airfoil thickness is in- 
creased. Drag coefficients are shown to increase appreciably 
with flap size for all lift coefficients above about 1.2, and 
available data indicate that favorable scale effects are ob- 
tained throughout the complete range of lift coefficient. The 
increment of pitching-moment coefficient caused by flap 
deflection is a linear function of the increment of lift coeffi- 
cient, and the ratio of pitching moment to lift agrees reason- 
ably well with the thin-airfoil theory. Flap normal forces 
and hinge moments may be predicted with good accuracy 
by the method derived by Allen in reference 6. 



Figure 13.— Variation of flap hinge-moment coefficient with flap deflection. NACA 23012 
airfoil; 0.20c plain flap; «o=0°. 
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SPLIT FLAPS 

A split flap is similar to a plain flap in that it is formed 
merely by a hinged part of the wing near the trailing edge. 
For a split flap, however, only the lower part of the wing is 
hinged, the upper surface remaining in place. The increase 
in lift caused by deflection of a split flap is a result of an 
increase in the effective camber of the airfoil section just as 
is the case for plain flaps. The important design parameters 
which will affect the aerodynamic characteristics of a wing 
section with a split flap are, therefore, the flap-chord ratio 
and the flap deflection. 

MAXIMUM LIFT 

The effect of flap deflection on the maximum lift coefficients 
of NACA 23012, 23021, and 23030 airfoil sections with split 
flaps ranging in size from 0.10c to 0.40c are shown in figure 14 
(data from reference 15) and optimum increments in 
maximum lift coefficient are shown plotted against flap- 
chord ratio in figure 15. Although the increments of maxi- 
mum lift coefficient are considerably higher for thick than 
for thin sections, the values of maximum lift coefficient vary 
in a different manner with thickness because of the decrease 
in maximum lift coefficient of the airfoil with flap undeflectcd 
as the thickness is increased. These data show that as the 
airfoil thickness is increased increments of maximum lift 
coefficients, flap deflections for maximum lift, and the size 
of flap that provides the highest increment of maximum lift 
coefficient also increase. For any given airfoil section the 
flap deflection at which the highest maximum lift coefficient 
was measured decreased as the size of flap was increased. 
A comparison of the data in figure 14 with the data shown 
previously for plain flaps (fig. 5) of similar size shows that 


higher maximum lift coefficients are obtained for airfoils 
with split flaps than with plain flaps and that the optimum 
maximum lift coefficients are obtained at higher flap deflec- 
tions and higher flap-chord ratios. The reason for the higher 
maximum lift coefficients obtained with split flaps can prob-? 
ably be attributed to the fact that the upper surface of the 
wing is not disturbed and the flow is not required to follow 
an abrupt downward curvature over the flap. /The flow 
over the flapped part of the airfoil, therefore, has a tendency 
to remain unstalled up to higher flap deflections and higher 
flap-chord ratios for split flaps than for plain flaps. Maximum- 
lift data from reference 16 are shown in figure 16 for 
three NACA 6-series airfoil sections equipped with 0.20c 
split flaps. These data indicate the same tendency toward 
higher optimum deflections for thicker airfoils as was shown 
by the NACA 230-series sections. 

In order to provide a simple means for showing the effect 
of flaps on airfoil section characteristics, all the airfoils 
tested in connection with the low-drag airfoil program 
(reference 7) have been tested with 0.20c split flaps deflected 
60°. With some types of flap (particularly slotted) a change 
in airfoil shape also changes the shape of the flap that may 
be fitted into the available space and, therefore, changes 
the characteristics of the airfoil-flap combination. The 
systematic split-flap data should be useful, however, for 
showing the manner in which airfoil parameters alone affect 
the characteristics of airfoils with flaps. 

The effects of thickness ratio and camber on maximum 
lift coefficients of NACA 64-series airfoil sections with and 
without 60° split flaps are shown in figure 17 (data from 
reference 7). These data show that, although the maximum 
lift coefficients of the plain airfoil sections decrease as the 



(a) NACA 23012. airfoil section. (b) NACA 23021 airfoil section. (c) NACA 23030 airfoil section. 

Figure 14.— Variation of maximum section lift coefficient with flap deflection for three NACA 230-series airfoils equipped with split flaps of various sizes. A=3.5X10 6 ; reference 15. 
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thickness ratio is increased above approximately 0.12, the 
maximum lift coefficients of the flapped airfoils continue to 
increase to thickness ratios of at least 0.18. Increases in 
design lift coefficient are shown to increase maximum lift 
coefficients of both the plain and the flapped airfoils by an 
equal amount for airfoils of low and moderate thicknesses. 
At the higher thicknesses, however, the effect of increasing 
camber is smaller and for the 21 -percent- thick airfoils is 
actually to decrease the maximum lift coefficients with flaps 
deflected. Maximum lift coefficients for NACA 23012 and 
NACA 23015 airfoil sections are also shown in this figure. 
The maximum lift coefficients for the NACA 230-series 
sections are shown to follow the same trend as the NACA 
6-series sections. The variation of maximum lift coefficients 
with position of minimum pressure for NACA 6-series sec- 
tions is shown in figure 18. In most cases these data indicate 
a small decrease in maximum lift coefficients of both the 
plain and flapped airfoils regardless of thickness ratio as the 
position of minimum pressure is moved to the rear. 



Figure 15. — Variation of increment of optimum maximum section lift coefficient with 
flap-chord ratio. NACA 230-series airfoils equipped with split flaps. R=3.5X10°. 



Figure 16. — Variation of maximum section lift coefficient with flap deflection for several 
NACA G-series airfoil sections equipped with 0.20c split flaps. f? = 6.0X10 6 ; reference 16. 



Figure 17. — Variation of maximum section lift coefficient with airfoil thickness ratio and 
camber for some NACA 64-series airfoil sections with and without simulated split flaps. 
A=6.0X10 (i ; reference 7. (Flagged symbols are for 60° simulated split flap.) 


The fact that all of the flap data shown in figures 17 anc 
18 were obtained with 0.20c flaps deflected 60° prevents i 
complete indication of the effects of airfoil section on maxi 
mum lift coefficient since both the optimum flap size anc 
optimum deflection change with changes in airfoil thick 
nesses as shown in figure 15. This fact is particularly trui 
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Figure 18. — Variation of maximum section lift coefficient with position of minimum pressure 
and airfoil thickness ratio for some NACA 6-series airfoil sections with and without split 
flaps. ci £ =0.2; I?=G.0X10°. (Flagged symbols are for 60° simulated split flap.) 

of the data shown in figure 17 since both the flap-chord 
ratio and flap deflection for highest maximum, lift coefficient 
increase as the airfoil thickness ratio is increased. The 
optimum maximum lift coefficients should, therefore, in- 
crease even more rapidly with thickness ratio than the 
maximum lift coefficients shown. 

Data are shown in figure 19 on the effects of Reynolds 
number variation on the maximum lift coefficients of several 
NACA airfoil sections. Throughout the range of Reynolds 
number shown, maximum lift coefficients of both the plain 
and flapped airfoils in the smooth condition increase as the 
Reynolds number is increased, but not by a constant amount 
nor in any apparently predictable manner. The effects of 
scale on the maximum lift coefficients of NACA 6-series 
sections seem to be similar to those of conventional NACA 
230-series sections. 

The effect of Reynolds number on the maximum lift co- 
efficients of several NACA airfoils with standard leading-edge 
roughness and split flaps is also shown in figure 19. The 
effect of Reynolds number in increasing the maximum lift 
coefficients of these airfoils is decreased by the addition of 
standard roughness and seems to be approximately the same 


for each of the airfoils for which data are shown. A com- 
parison of the data for smooth and rough airfoils in figure 19 
shows that the decrease in maximum lift coefficients of air- 
foils with split flaps increases as the Reynolds number is in- 
creased and that the effect of roughness on the maximum lift 
coefficients of NACA 230-series sections is greater than that 
on NACA 6-series sections but not enough to make the actual 
values of the maximum lift coefficients lower. 

$ 

DRAG 

Envelope drag polars for an NACA 23012 airfoil equipped 
with various sizes of split flaps are shown in figure 20. These 
data indicate that the drag coefficients of airfoils equipped 
with split flaps increase as the flap size is increased. These 
higher drags are probably caused by the increased size of the 
wake behind larger flaps, as is the case for plain flaps. 

Envelope drag polars shown in reference 15 for flaps of 
various sizes on IN AC A 23012, 23021, and 23030 airfoils show 
that the drags of thicker airfoils with split flaps deflected are 
higher than those of thinner airfoils except in cases where 
the thinner airfoils tend to stall at lower lift coefficients than 
the thick sections. 

PITCHING MOMENT 

The ratio of pitching-moment increment to lift-coefficient 
increment caused by deflection of split flaps of various sizes 
on several NACA 230-scries airfoil sections is shown in 
figure 21 (data from reference 15). These data show that 
the pitching moments of airfoils with split flaps do not agree 
with the theory as well as those with plain flaps but that the 
general order of magnitude of the pitching moments and the 
manner of variation with flap-chord ratio agree fairly well 
with the theory. This discrepancy may be explained by the 
fact that the rear part of an airfoil with a split flap deflected 
presents a very thick, blunt body rather than the thin mean 
line which is assumed in the theory and which is at least 
approximated by plain flaps. 

FLAP LOADS AND MOMENTS 

The methods for predicting flap loads and moments which 
are based on the thin-airfoil theory could not be expected to 
provide a good indication of split-flap loads since the pressure 
difference across the flap is not, in this case, equal to the 
pressure difference across the whole airfoil or, as the theory 
assumes, across the mean line. A comparison of some split- 
flap load data with loads predicted by the method given in 
reference 6 and described in the section on flap theory shows 
that, although fair agreement can be obtained at low flap 
deflections, the predicted values are considerably higher than 
the experimental results at high deflections. Pressure dis- 
tributions and flap force and hinge-moment characteristics 
for a 0.20c split flap on the NACA 23021 airfoil are shown in 
reference 17. 

EXTENSIBLE SPLIT FLAPS 

An extensible split flap is a split flap provided with a mov- 
able hinge which is moved to the rear as the flap is deflected. 



Maximum section /iff coefficient , Cz max Maximum section lift coefficient, Ci 
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(a) Smooth airfoil. 

(b) Airfoil with leading-edge roughness. 

Figure 19.— Variation of maximum section lift coefficient with Reynolds number for several NACA airfoil sections with and without 0.20c split flaps deflected 60°. 
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The purpose of displacing the hinge is to provide a larger 
area and, therefore, greater lifts. Maximum lift coefficients 
taken from reference 18 are shown in figure 22 for a Clark Y 
airfoil equipped with split flaps of 0.20c, 0.30c, and 0.40c 
hinged at various positions from the normal hinge position 
to the trailing edge. Sizable increases in maximum lift co- 
efficient (as high as 0.3 for the 0.40c flap) are produced by 
the extension of the chord in this way, increases being noted 
for the 0.20c flap for each extension of the flap hinge from the 
normal hinge axis to the trailing edge although the larger 
flaps produced increases for extensions of the flap hinge only 
to 0.90c. 



Figure 20.— Envelope drag polars for an NACA 23012 airfoil equipped with split flaps 
of various sizes. if =3. 5X10°; reference 15. 


Because of the fact that the extensible split flap is extended 
to the rear as it is deflected, the effective area of the wing 
behind the normal quarter-chord point is increased and the 
negative pitching moments become larger. Data are shown 
in figure 23 (from reference 18) on the effect of split-flap ex- 
tension on the pitching-moment-coefficient increments caused 



Figure 21.— Variation of ratio of increment of section pitching-moment coefficient to incre- 
ment of section lift coefficient with flap-chord ratio for several airfoil sections equipped 
with split flaps. ao=0°; reference 15. 



Figure 22.— Variation of maximum lift coefficient with flap deflection and hinge position for a Clark Y airfoil equipped with extensible split flaps of various sizes. 

A=0.GX10 6 ; A= 6; reference 18. 
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by deflection of the flap. The increment in pitching-moment 
coefficient is shown to be a linear function of the increment in 
lift coefficient, and the slope of the curve Ac m /Acj is shown to 
increase as the flap hinge is moved to the rear. 

SUMMARY OF SPLIT-FLAP DATA 

Split flaps are shown to provide higher maximum lift 
coefficients than plain flaps. Maximum lift coefficients, 
flap deflections for maximum lift, and best flap size increase 
as the airfoil thickness ratio is increased. Larger flaps 
showed higher maximum lift coefficients than smaller flaps; 
the highest maximum lift coefficients were obtained at lower 
flap deflections with the larger flaps than with the smaller 
flaps. Maximum lift coefficients of NACA 6-series sections 
with 60°, "0. 20c flaps are shown to increase with airfoil 
thickness ratio up to thickness ratios of about 0.18c. In- 
crease of camber increases maximum lift coefficients of thin 
airfoils, but this effect decreases as the airfoil thickness is 
increased. Leading-edge roughness has been shown to 
decrease the favorable scale effect on maximum lift co- 
efficients of airfoils with split flaps. Increases in flap size or 
airfoil thickness ratio show increases in drag coefficients of 
airfoils with flaps deflected. Pitching-moment increments 
of airfoils with split flaps are of the same order of magnitude 
as shown by the thin-airfoil theory, but the agreement with 
the theory is not so good as that shown by the plain flaps. 
Displacing a split flap to the rear as it is deflected increases 
both maximum lift coefficients and pitching moments. 

SLOTTED FLAPS 

Slotted flaps are roughly similar to plain or split flaps 
insofar as they increase the lift of an airfoil by an increase 
in camber and in some cases by an increase in the chord. 
The slotted flap, however, is provided with a slot which 
delays the tendency of the flow to separate from the flap 
by ducting high-energy air from the lower surface and 
utilizing it for boundry-layer control on the flap upper 
surface. Deflection of slotted flaps may be obtained either 
by pure rotation about a fixed hinge or by a combination 
of translation and rotation. Slotted flaps in general use 
may be divided into two general classes based merely on 
the number of slots. Single slotted flaps are, as the name 



Figure 23.— Variation of increment of pitching-moment coefficient with increment of 
lift coefficient for various hinge positions of a 0.40c extensible split flap on a Clark Y 
airfoil. ao-0°; reference 18. 


suggests, flaps which are attached to the main portion of 
the wing in such a manner as to provide a slot forward of 
the flap when the flap is deflected. Double slotted flaps 
are provided with a vane forward of the flap so that a double 
slot is formed when the flap is deflected. 

SINGLE SLOTTED FLAPS 

A typical single-slotted-flap configuration is shown in 
figure 24. The part of the wing upper surface which extends 
over the flap when retracted is called the slot lip. ! The 
effective increase in chord provided by some slotted flaps 
is obtained by the use of an elongated slot lip. The point 
where the airfoil is first cut away to form the slot qn the 
lower surface is called the slot entry. Slot entries ares often 
made with very small radii of curvature or provided with 
skirts to fair over the gap in the lower surface when the 
flap is retracted. By minimizing the gap, the lower surface 
is made as smooth as possible so that there is little increase 
in drag over that of the smooth airfoil. 

Since a slotted flap increases the maximum lift by a combi- 
nation of increased camber, increased chord, and boundary - 
layer control provided by flow through the slot, the impor- 
tant design parameters are flap deflection, flap size, the 
chordwise position of the slot lip, and the efficiency of the 
flow through the slot in providing boundary-layer control. 
The boundary-layer control action of the flow through the 
slot depends on the shape of the passage through which the 
air must flow. The shape of this passage is made up of a 
combination of slot-entry shape, slot-lip shape, flap-nose 
shape, and the position of the flap with respect to the slot 
lip. Airfoil shape can be expected to have a greater effect 
on the characteristics of slotted flaps than on those of plain 
or split flaps because of the fact that the airfoil shape deter- 
mines to some extent the shape of the flap and slot configura- 
tions. Changes in Reynolds number can also have different 
effects on the characteristics of slotted flaps from those on 
the characteristics of plain or split flaps because of the scale 
effect on the flow through the slot. 

Maximum lift. — Because of the large number of unrelated 
combinations of airfoils and slotted flaps for which data are 
available, a summary of maximum lift coefficients that have 
been obtained from various combinations is given in table I. 
Flap size, slot-lip extension, the deflection and position of the 
flap with respect to the slot lip, Reynolds number at which 
the tests were run, and rough classifications of slot-entry 
shape and flap-nose shape are tabulated along with notations 
as to whether the flap was located at its best maximum 


Figure 24.— Sketch of typical single-slotted-flap configuration. 
(All dimensions are given in fractions of airfoil chord.) 
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37 

35 

35 

36 

66 2-216’, a— 0. 6 .. 

.25 

.824 

a 

A 

2. 89 

40 

66 2-216, a— 0.6 

.25 

.834 

c 

A 

2. 88 

45 

fifi’S-IIK 


.25 

.90 



2. 68 

32. 5 











Davis 



.30 

.30 

.30 

1.00 

1.00 

1.00 



3.45 

3.14 

3.34 

40 

40 

30 



No 

6.2 

37 

1=0.18 

c 

Davis (modified) 



b 

b 




No 

6.0 

37 

-=0.18 

c 

66-series (approx.) 

- — 0.18 
c 



A 



No 

6.2 

37 


lift position. References from which the data were obtained 
are also given in the table (references 11, 12, and 19 to 37). 
Maximum lift coefficients of airfoils with slotted flaps are 
shown to be considerably higher than those of the same air- 
foils equipped with plain or split flaps of comparable size. 
The advantage of the higher maximum lift coefficients must 
be balanced, however, against the added complication of 
providing external brackets to hold the flap or of more 
complicated mechanisms required to operate the flap. 

Maximum lift coefficients are shown in figure 25 plotted 
against flap deflection for the NACA 23012 airfoil section 
with various sizes of slotted flaps and in figure 26 for two 
NACA 6-series airfoils with slotted flaps. These data and 
the data of table I show that the flap deflections for maxi- 
mum lift coefficients of airfoils with slotted flaps vary over 
a range of from about 30° to over 60°. Although no rigid 
variation of optimum deflection with flap size or slot-lip 
extension can be shown, it may be seen from the data in 


table I that flaps with the slot lip extended to the trailing 
edge seem to show their highest maximum lift coefficients 
at lower flap deflections than with shorter slot-lip extensions. 

The effect on maximum lift coefficient of increasing the 
effective chord of the airfoil-flap combination is shown in 
figure 27 for various flap combinations on the NACA 23012 
airfoil section. The maximum lift coefficients are all based 
on the chord of the airfoil with flap completely retracted. 
Maximum lift coefficients are shown to increase as the total 
chord is increased either by increasing the flap chord or the 
slot-lip extension. Increases in flap size above about 25 
percent of the airfoil chord are shown to have much smaller 
effects on maximum lift coefficients than increases in the 
lower range of flap size. Increases in slot-lip extension, 
however, seem to be more effective as the slot lip is extended 
toward the trailing edge. Although the variations of maxi- 
mum lift coefficient shown in figure 27 cannot be expected 
to hold strictly for different types of airfoil section, the 


864781—50 3 
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variations shown are probably indicative of the results to 
be expected from conventional airfoils of normal thicknesses. 
The use of thinner airfoils, however, and particularly thin 
NACA 6-series sections, presents added difficulties because 
of the very thin flaps and very small leading-edge radii of the 
flaps that can be fitted into the available space. The data 
shown in table I for 25-percent-chord flaps on the NACA 
65-210 airfoil section with various slot-lip extensions show 
that no increase in maximum lift coefficient is obtained by 
increasing the slot-lip extension from 84 percent chord to 
07.5 percent chord. 

The most favorable shape for the passage through which 
the air must flow from the lower surface over the flap is an 
extremely complex problem since it involves a combination 
of several variables, each of which can have a large effect on 
the flow condition produced by each of the other variables. 
These variables include flap shape, slot-entry shape, slot-lip 
shape, and flap position. 

Data are given in references 12, 25, and 28 on the maximum 
lift coefficients produced by slotted flaps of various shapes. 
No strict rules can be set down for the design of flap shapes, 
but from the data given in these references, it is generally 


observed that a flap-nose shape similar to the shape of a good 
airfoil will provide good maximum lift characteristics. 

Slot-entry shapes can have a large effect on maximum lift 
coefficients since any separation of the flow at the slot entry 
can block off a portion of the slot passage. Data are avail- 
able in references 12, 21, 22, 25 to 28, 32, 34, and 35 which 
show the effects of various slot-entry shapes on maximum 
lift coefficients. Data in references 22, 25 to 27, and 35 show 
maximum lift coefficients that have been obtained on NACA 
23012, 66,2-216, 23021, and 23030 airfoil sections equipped 
with slotted flaps and with both smoothly rounded and sharp 
slot entries. In these references, the best position of the 
flap was determined with each of the slot entries. Neither 
the 0.12c-thick nor the 0.1 6c- thick airfoils showed any differ- 
ence in best maximum lift coefficient although the position 
of the flap at which the best maximum lift coefficient was 
measured changed considerably. Both the 0.21c- thick and 
the 0.30c-thick airfoils on the other hand showed large effects 
of slot-entry configuration. These data would seem to indi- 
cate that the airfoil thickness or the depth of the flap well 
(opening into which flap retracts) would determine whether 
the slot entry has an effect on the maximum lift coefficient. 
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Figure 26— Variation of maximum section lift coefficient with flap deflection for several 
NACA 6-series airfoil sections equipped with slotted flaps. R =5.1X10® for NACA 
66-series airfoil and I?=6.0X10 6 for NACA 63-series airfoil. 



Figure 27.— Variatioiuof optimum increment of section maximum lift coefficient with 
flap-chord ratio and with slot-lip location for the NACA 23012 airfoil section. 


For the thick airfoils where the slot-entry configuration can 
have an effect, the smoothly rounded entry provides the 
highest maximum lift coefficient in each case. Data from 
reference 34 are shown in figure 28 for an NACA 66,2-116, 
ct—— 0.6 airfoil equipped with a 0.25c slotted flap with three 
different lengths of slot-entry skirt. These data show that 
with the flap located at an arbitrary position, the maximum 
lift coefficient was lowered by each progressive extension of 
the slot-entry skirt. 

Slot-lip shape can affect the maximum lift coefficients of 
airfoil-flap combinations to a large extent and it is felt that 
the most important requirement of a good slot-lip shape is 
that it should serve to direct the air flow downward over the 
flap. Data are shown in figure 29 for an airfoil with a 
slotted flap with the slot lip in its normal configuration and 
bent down various amounts. These data show that the 
maximum lift coefficient is increased by bending down the 
slot lip, although too great a bend causes the maximum lift 
coefficient to drop off. It is believed that the limit in the 
effect of bending down the lip is reached when the flow over 
the lip itself separates. 



Figure 28— Effect of slot-entry-skirt extension on section lift characteristics of an 
NACA 66, 2-116, a=0.6 airfoil equipped with a 0.25c slotted flap deflected 45°. 
i?=6.0X10 6 ; reference 34. 


The flap location affects the maximum lift coefficient, of 
course, by changing both the shape and size of the passage 
through which the air flows from the lower surface. The 
best flap position will, therefore, be different for each different 
condition of slot entry, slot lip, and flap-nose shape. No 
general conclusions can be drawn concerning the best loca- 
tion of a slotted flap although the data available in refer- 
ences 12, 19, 20, 22, 24 to 27, 29, 30, and 32 to 35 should be 
useful for the design of the best flap location for airfoil-flap 
combinations similar to those for which data are available. 
Generally, it may be said that the best location of a flap of 
a given shape will be a location which, when combined with 
the slot lip and slot entry, will provide a converging passage 
and allow the flow to be directed downward over the flap. 
Data in figure 30, for instance, show lift characteristics of an 
airfoil-flap combination for which the slot does not form a con- 
verging passage. A comparison of these data with those in 
table I for airfoils of similar thickness shows the low maxi- 
mum lift coefficients obtained with a flap configuration of 
this type. Contours of flap position for maximum lift 
coefficient are shown in figure 31 for two airfoil sections 





Section angle of attack , tx 0 , deg 


(a) Flap deflection, 35°. (b) Flap deflection, 40°. 

Figure 29.— Effect of slot-lip shape on section lift characteristics of an NAOA 63,4-420 airfoil equipped with a 0.25c slotted flap. i?=6.0X10 6 . 


equipped with various configurations of slotted flaps. These 
contours indicate the sensitivity of the maximum lift coeffi- 
cient to small changes in flap position and the accuracy with 
which the flap must be built and located. 

Airfoil shape can have a large effect on the effectiveness of 
slotted flaps. There are not, however, enough data for flaps 
of similar size and shape to show fully the effects of the 
various airfoil design parameters on the maximum lift 
coefficients of airfoils with slotted flaps. Some data are 
shown in figure 32 for NACA 230-series airfoils of various 


thicknesses with flaps of two different sizes and a few data for 
various NACA 6-series sections with 0.25c slotted flaps. 
Although not at all conclusive, these data for NACA 6-series 
airfoils seem to show a greater effect of thickness ratio than 
was previously indicated (reference 27) by the NACA 230-series 
data. While, a part of the differences between the 230-series 
sections and the 6-series sections might be attributed to the 
higher Reynolds number at which the latter data were 
obtained, data in reference 28 on the 0.21c-thick 6-series air- 
foil show that even at a Reynolds number of 2.0 X10 6 the 
maximum lift coefficient of this airfoil is above 3.0. 
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Figure 30.— Lift characteristics of an approximate NACA 66<2i5)-216 airroil section 
equipped with a 0.25c slotted flap. 7?=6.0X10 6 . 

Data on the effect of Reynolds number on the maximum 
lift coefficients attainable with slotted flaps are given in 
references 12, 25, 27 to 33, and 37. The greater part of 
these data covers Reynolds numbers from about 3.0 X10 6 
to 10.0 X10 6 . A few data are given, however, for higher 
Reynolds number. Maximum lift coefficients are shown 
plotted against Reynolds number in figure 33 for two NACA 
6-series airfoils with slotted flaps. In both of these cases, 
the scale effect with flap deflected is approximately the same 
as that for the plain airfoil. This similarity cannot be con- 
sidered to be true in the general case, however. There are 
some indications that the best maximum-lift position of a 
slotted flap may change with changes in Reynolds number 
as shown in reference 30. From these data it is seen that 
for the changes in Reynolds number shown (from 2.4 X10 6 to 
9.0 X 10 6 ) an appreciable change in best position for maximum 


lift is noted and that for this airfoil-flap combination, at J 
least, the best position moves backward and upward as the 
Reynolds number is increased. The maximum lift coefficient 
at a Reynolds number of 9.0X10 6 was increased by about 
0.06 by changing from the position found to be best at 
R=2.4X10 6 to the position at which the highest maximuiA 
lift coefficient was measured. In this case, the entire 
character of the lift curve was changed by this change in 
positions at A=9.0X10 6 although this change ^cannot be 
considered typical. ; 

Data on the effects of roughness on the maximum lift 
coefficients of airfoils with slotted flaps are not extensive 
enough to provide any generalizations although it may be 
said that the decrement in maximum lift coefficient caused 
by roughness will be of about the same order of magnitude 
as for airfoils with split flaps. It must be remembered 
therefore that leading-edge roughness can cause the maxi- 
mum lift coefficient of airfoils to be 0.4 to 0.5 lower than 
that obtained in a wind tunnel with a smoothly polished 
model. Some data are shown in references 29 to 31 on the 
effects of roughness on the maximum lift coefficient of 
airfoils with slotted flaps. 

Drag. — Drag coefficients of airfoils equipped with slotted 
flaps can be expected to be lower than those of airfoils with 
either plain or split flaps because of the fact that the sep- 
aration of the flow over the flap, usually apparent on plain 
flaps at high deflections, and the wide, blunt rear portion of 
airfoils equipped with split flaps are eliminated or mini- 
mized with slotted flaps. Envelope polars for the NACA 
23012 airfoil equipped with slotted flaps of various sizes are 
shown in figure 34. These data show an effect of increasing 
flap size that is opposite to that with either plain or split 
flaps, the drag decreasing at a given lift coefficient as the 
flap size is increased. The drag polar for the NACA 23012 
airfoil equipped with a 0.40c split flap is also shown in figure 
34 and indicates the much lower drag coefficients obtained 
with slotted flaps than with split flaps. The effect of slot- 
lip extension on drag is shown in figure 35. Increasing the 
slot-lip extension also is shown to decrease the drag at any 
given lift coefficient. 

Flap position can also have a great effect on drag coeffi- 
cients since the shape of the slot passage determines whether 
there are any areas of separated flow in the region of the 
flap. Contours of flap position for minimum drag coefficient 
are shown for various airfoil-flap combinations in references 
20, 22, 24, 26, 27, and 35. One of these contours taken 
from reference 35 is shown in figure 36. These data and 
those given in the references show that the requirements of 
a good slot shape for low drags are different from the require- 
ments for high maximum lift coefficients. The slots for 
which low drags are measured seem to be nearly constant 
in area rather than converging, and the slot openings seem 
to be larger than those for high maximum lift. 



Maximum section lift coefficient, Ci 
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(a) 

(a) NACA 66, 2-216, «=0.6 airfoil with 0.25c slotted flap and two slot-entry configurations. 
f?=5.1X10 6 ; 5/=40°; reference 35. 


Figure 31.— Contours of flap position for maximum section lift coefficient for two airfoils 
equipped with slotted flaps. 





(b) NACA 65-210 airfoil with 0,25c slotted flap and three slot-lip locations. 
i?=2.4X10 6 ; reference 29. 

Figure 31.— Concluded. 



Figure 32.— Effect of airfoil thickness ratio on section maximum lift coefficients of airfoils 
equipped with single slotted flaps. 
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Figure 33— Seale effect on maximum section lift coefficient for two low-drag airfoil section 
equipped with slotted flaps. 
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Figure 3-1.— Effect of flap size on envelope drag polars for an NAC A 23012 airfoil equipped 
with single slotted flaps. R=Z. 5x10 s . 
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Figure 35— Effect of slot-lip extension on envelope drag polars. NAOA. 23012 airfoil, 
—=0.30; J?=3.5X10 6 . Reference 21. 


allowed to leak through the gap, the drag increment in the 
low-drag range caused by a sharp slot entry is approximately 
twice that caused by a well-rounded entry. These data 
also show, however, that the drag coefficient with the sharp 
entry can be reduced to the same value as with the rounded 
slot entry merely by sealing the gap to prevent any flow' 
of air. Data are shown in figure 38 for an NACA 66,2-116, 
a— 0.6 airfoil with a 0.25c slotted flap and three lengths of 
slot-en try-skirt extension. These data show that? the drag 
is progressively lowered as the slot-entry skirt is extended. 



(a) Gap open. (b) Sharp slot entry. 

Figure 37. — Effect of slot opening and gap seal on drag coefficient of an NACA 
65 C216)— 3 (16.5) (approx.) airfoil equipped with a 0.25c slotted flap. i?=6.0X10 6 . 



Figure 36. — Contours of flap position for various section drag coefficients for the 
NACA 66,2-216, a=0.6 airfoil equipped with a 0.25c slotted flap. 6/ -30°; 
Cj=2.5; jR= 5.1X10 6 ; reference 35. 


With slotted flaps in the retracted position, the resulting 
break in the airfoil lower surface has been shown to have 
large effects on dr ag co efficie nts. Drag data are shown in 
figure 37 for an NACA 6-series airfoil section equipped with 
a 0.25c slotted flap. These data show that when air is 



Figure 38.— Effect of slot-entry-skirt extension on section drag characteristics of an 
NACA 66,2-116, a=0.6 airfoil equipped with a 0.25c slotted flap. 0°; F=6.0X10 6 ; 
reference 34. (Same airfoil-flap combination as Sg. 28.) 
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Pitching moment. — Since a slotted flap is similar to a 
plain flap with a boundary-layer-control slot at the flap nose, 
the load distribution over an airfoil with a slotted flap should 
be similar to that over an airfoil with a plain flap with the 
exception of discontinuities at the slot. The pitching mo- 
ments of airfoils equipped with slotted flaps should be approxi- 
mately the same as the pitching moments of an airfoil with 
a plain flap of similar size. The flap-chord ratio and the 
airfoil chord must be defined for this purpose, however, on 
the basis of the total chord with flap extended. Pitching- 
moment slopes have been calculated on the basis of total 
chord with flap extended for several combinations of airfoil 
and slotted flaps and are shown in figure 39 along with the 
slopes calculated from the thin-airfoil theory. These data 
show that the pitching moments of airfoils with slotted 
flaps approximate those predicted by the plain-flap theory 
although the experimental pitching moments for slotted 
flaps are in all cases slightly higher than the theory indicates 
and show considerably less variation with flap size than the 
theoretical. 

Flap loads and moments. — Aerodynamic load character- 
istics for a number of airfoils equipped with slotted flaps are 
presented in references 19, 33, 38, and 39. Flap loads gener- 
ally increase as the flap deflection is increased up to the 
deflection at which the flap stalls, the variation in flap loads 
with angle of attack for unstalled conditions being small as 
compared with the variation with flap deflection. Normal- 
force coefficients on slotted flaps for the data shown in the 
references usually reach a maximum of about 1.6 or 1.8. 
Chord forces are generally small compared with the normal 
forces, and centers of pressure of the, flap loads usually range 
from about 0.2 to 0.4 of the flap chord. 



Figure 30. — Variation of ratio of increment of section pitching-moment coefficient to 
increment of section lift coefficient with flap-chord ratio for several airfoil sections 
with slotted flaps. aj=0°. (All coefficients based on total chord with flap extended.) 


DOUBLE SLOTTED FLAPS 

Data are presented in reference 11 for an NAGA 23012 
airfoil equipped with a 0.256c slotted flap and several 
auxiliary flaps. These data show that the slotted flap with 
a 0.10c auxiliary slotted flap was more effective in increasing 
the maximum lift coefficient than any of the other devices 
tested. Reference 40 shows data for NACA 23012, 23021, 
and 23030 airfoils equipped with 0.40c slotted flaps and 0.256c 
auxiliary slotted flaps. Maximum lift coefficients of 3.46, 
3.57, and 3.71, respectively, were measured with these dfouble 
slotted flaps on the three airfoils. Later investigations 
showed that the double slotted flap could be simplified con- 
siderably by changing the form of the foreflap to a turning 
vane. For double slotted flaps of a given total chord, the 
vanes were shown to be just as effective as the foreflaps tested 
on the original double slotted flaps and had the added ad- 
vantage of being of such a size that they could be entirely 
enclosed within the wing structure when the flap was re- 
tracted. A typical double slotted flap of the latter type is 
shown in figure 40. The slot entry and slot lip are defined 
7 in the same way as for single slotted flaps. The vane chord 
line has been defined in various ways, but the most frequently 
used definitions are the maximum-length line or the line 
through the trailing edge and the center of curvature of the 
vane leading edge. The vane size is then defined by the 
length of this chord line and the deflection, by the angle 
between the airfoil chord line and the vane chord line. 




(a) Flap retracted, 

(b) Flap deflected. 


Figure 40.— Sketch of typical double-slotted-flap configuration. (All dimensions are given 
in fractions of airfoil chord.) 
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Double slotted flaps operate to increase the maximum lift 
coefficient in essentially the same way as single slotted flaps 
with the exception that an additional slot is available to 
provide a greater amount of boundary-layer control. An- 
other way of defining the action of a double slotted flap is 
that it is merely a single slotted flap which is provided with 
a turning vane in the slot to help deflect the air flow down- 
ward over the flap, since the downward deflection of the 
flow is the principal function of the vane. As a result of its 
turning action, however, the vane also carries an appreciable 
lift load of itself. The important design parameters are, 
as is the case for single slotted flaps, flap deflection, flap size 
and extension, and the efficiency of the flow through the 
slot passages in preventing separation. 

Maximum lift. — Maximum-lift data for airfoils with double 
slotted flaps are presented in table II along with information 
concerning the flap and airfoil configuration and test condi- 
tions, as well as the references from which the data were ob- 
tained (references 11 and 40 to 51). Although the absolute 
optimum positions of both flap and vane were not deter- 
mined for all the configurations which are noted as optimum 
positions in the table, this notation does indicate that enough 
tests were made to determine a position at which the maxi- 
mum lift coefficient is essentially the optimum. Double 
slotted flaps are seen to produce higher maximum lift co- 
efficients than any of the other flaps so far considered. 

Flap deflections at which the. highest maximum lift co- 
efficients were measured as shown in table II varied from 
45° to 70° and vane deflections varied from 20° to 30°. 
Although the data’ are rather scattered, a general trend 
toward higher flap deflections and lower' vane deflections can 
be noted as the airfoil thickness ratio is increased. 

Although a fairly large amount of data is available, the 
effects of flap size and extension are not well defined because 
of the fact that most of the designs tested up to the present 
time are of approximately the same size. The data in 
references 11 and 40 on NACA 230-series airfoils equipped 
with the original type of double slotted flap give an indica- 
tion, however, that larger double slotted flaps (up to 0.40c, at 
least) should provide higher maximum lift coefficients than 
TABLE II.— MAXIMUM LIFT COEFFICIENTS OF AIRFOIL 


those obtained with flaps of the sizes normally employed. 
Some few data are available in references 41 to 43 on the 
effect of vane size on the maximum lift coefficients obtainable 
for several airfoil sections equipped with double slotted flaps. 
Some of these data are presented in figure 41 and show that, 
in general, increases in vane size provide increases in max- 
imum lift coefficients although the range of vane size covered 
is rather small. 

The available data on the effects of slot-entry aflcl slot-lip 
configurations are also meager. The effects of the shape of 
the slot can be expected, however, to be similar to those noted 
for single slotted flaps. The effects of slot-entry-skirt exten- 
sion on the lift characteristics of an airfoil section equipped 
with a double slotted flap operating along a fixed flap path 
are presented in figure 42. Although the lift coefficients at 
the highest flap deflections were not affected by the extension 
of the slot-entry skirt, those at intermediate deflections were 
lowered considerably by the longest extension. 

Some data on the effect of flap and vane positions on 
maximum lift coefficients are given in references 41 to 43, 
46, 49, and 50. From the data for optimum configurations, 
shown in table II it may be seen that vane positions for best 
maximum lift coefficients usually fall within a range of 
position from 0.018c to 0.025c below the slot lip and from 
0.005c to 0.015c forward of the slot lip although a few of the 
data show that highest maximum lift coefficients were meas- 
ured with the vane located about 0.005c behind the slot lip. 
The positions of the flap cover a wider range varying from 
0.015c to 0.030c forward and from 0.005c to 0.020c below the 
vane trailing edge. In one case, the flap was found to give 
the highest maximum lift coefficient when located behind 
the vane trailing edge. Although the data in table II show 
that flap and vane positions for maximum lift fall within a. 
fairly well-defined range of positions, care should be exercised 
in setting flap and vane positions arbitrarily from these data 
because of the great sensitivity of these flaps to small changes 
in position. A few contours of flap and vane positions for 
maximum lift coefficient are shown in figure 43 and indicate 
the accuracy with which the flap and vane must be located. 
SECTIONS EQUIPPED WITH DOUBLE SLOTTED FLAPS 


Airfoil section 

cf/c 

23012 

0. 10 

23012 

.257 

23021 

.257 

23030 

.257 

23012 

.257 

23021 . . 

.257 

03-210 

.25 

63,4^21 (approx. 1 

.195 

G4-20S 

.25 

64-208 

. 25 

64-210 _ . 

.25 

64i-212 . _ . 

.25 

64iA212 

. 229 

65-210 . . 

.25 

65(216)— 21 5, a =0.8 

.248 

653-118 .. 

.244 

653-418 

.236 

65<-421 

.236 

66-210 

.25 

66-210 

.25 

662-214 (approx.) 

.227 

1410... 

.25 

t 

Reoublic 6-senes type -=0.17 

c 

.238 

Republic 6-series type ---0.17 
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No 
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<• See figure 42. 
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(a) NACA 23012 airfoil; (b) NACA 64-208 airfoil; (c) NACA 66-210 airfoil; 

I?=3.5X10 I! ; R=6.0X10«; 7?=6.0X10«; 

reference 41. reference 43. reference 43. 


Figure 41.— Effect of vane size on lift characteristics of several airfoil sections with double slotted flaps. 


The fact that most of the data for double slotted flaps 
have been obtained for configurations of roughly similar 
size provides a fairly extensive amount of data on the effect 
of airfoil section on maximum lift coefficients. Data from 
table II on the maximum lift coefficients of various airfoil 
sections with double slotted flaps are shown in figure 44 
plotted against airfoil thickness ratio. All of the double 
slotted flaps for which data are shown had total chord lengths 
(from nose of vane to trailing edge of flap) of about 0.30c to 
0.35c and had slot lips located at about 0.85c. Although 
these data are rather scattered, they define fairly well the 
variation of maximum lift coefficients with the various airfoil 
parameters. Increases in camber and forward movements 
of the position of minimum pressure of NACA 6-series airfoils 
seem to provide increases in maximum lift coefficient. Maxi- 
mum lift data for NACA 63-series and 66-series sections with 


design lift coefficients of 0.2 equipped with 0.20c split flaps 
deflected 60° are also shown in this figure. These data show 
that the effects of thickness and position of minimum pressure 
can be shown qualitatively at least by the systematic split- 
flap data in reference 7 . A comparison of the data in figures 44 
and 17 shows that the effects of camber on maximum lift 
coefficient are approximately of the same order of magnitude 
for the systematic split-flap data and the double-slotted- 
flap data. 

Scale-effect data on various airfoil-double-slotted-flap com- 
binations are presented in references 43, 45, and 47 to 50. 
These data show approximately the same characteristics as 
the scale-effect data on single slotted flaps, and there are 
indications that the best maximum lift configurations oi 
double slotted flaps may also change as the Reynolds number 
is changed. 



Section lift coefficient , c ; 


SUMMARY OF SECTION DATA ON^TRAILING-EDGE HIGH-LIFT DEVICES 



(a) No skirt extension; 
i?=2.4X10«. 

(c) Partial skirt extension; 
i?=6.0X10&. 


(b) Partial skirt extension; 
J?=2.4X10 6 , 

(d) Full skirt extension; 
R=2.4X10 6 . 


Figure 42. — Section lift characteristics of an NACA 63,4-421 (approx.) airfoil equipped with a double slotted flap and several slot-entry-skirt extensions. 
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(a) NACA 23012 airfoil section; 5/=60°; reference 41. (c) NACA 64i— 212 airfoil section; reference 43. 

(b) NACA 23021 airfoil section; 5/=G0°; reference 42. 

Figure 43. — Contours of flap and vane positions for maximum section lift coefficient for several airfoil sections equipped with double slotted flaps. 



Figure 44.— Maximum section lift coefficients for several NACA airfoil sections with double slotted and split flaps. 
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Drag. — The drag characteristics of airfoils with double 
slotted flaps are perhaps best shown by a comparison with 
the drag of airfoils with single slotted flaps. Envelope polars 
for two single slotted flaps and a double slotted flap on the 
NACA 23012 airfoil are shown in figure 45. The drag 
coefficients at intermediate lift coefficients are considerably 
higher for the double slotted flap than for the single slotted 
flap. At higher lift coefficients, the drag of the airfoil with 
the double slotted flap is lower than that with the single 
slotted flap, principally because the separation of the air 
flow is delayed to higher lift coefficients. A similar com- 
parison for various types of slotted flaps on the NACA 23021 
airfoil is shown in reference 42. A comparison of envelope 
polars for the NACA 23012 and 23021 airfoils is shown in 
figure 46. The drag coefficients of the NACA 23012 section 
are lower than those of the NACA 23021 section for all lift 
coefficients below about 3.0; above this lift coefficient, there 
is very little difference between the two airfoils. 

In the flap-retracted condition, double slotted flaps are 
subject to the same increments in minimum drag coefficient 
with flap retracted as single slotted flaps. In order to obtain 
lowest drag with flap retracted, every attempt should 
therefore be made to fair over the slot entry and to seal the 
flap gap in the retracted condition. 

Pitching moment. — The pitching moments of airfoils with 
double slotted flaps should be similar to those of airfoils with 
single slotted flaps and should show the same sort of agree- 
ment with the thin-airfoil theory. There are not enough 
data available to show this effect completely since most of 
the double-slotted-flap data have been obtained with flaps 
of about the same size. Comparisons made with a few of the 
combinations for which data are available, however, show 
that the values of Ac m /Aci for double slotted flaps agree 
very well with those of single slotted flaps of the same size 
when the coefficients are defined on the basis of total chord. 

Flap loads and moments. — Data on the aerodynamic loads 
over double slotted flaps on several airfoil sections are shown 
in references 45 and 50. The flap part of a double slotted 



Figure 45. — Comparison of envelope polars for an NACA 23012 airfoil equipped with 
a double slotted flap and two sizes of single slotted flaps. 7?=3.5X10 fi ; reference 41. 


flap is usually located geometrically in about the same 
position relative to the vane trailing edge as single slotted 
flaps are relative to the wing slot lip. The aerodynamic 
loads on these flaps are therefore of about the same order 
of magnitude as those on single slotted flaps. Vanes of 
double slotted flaps are effectively the leading-edge portion^ 
of highly deflected flaps and are usually highly cambered. 
For these reasons, the aerodynamic loads on these vanes are 
usually very high and normal-force coefficients as high as 5.0 
have been measured on the vanes of highly deflected double 
slotted flaps. 

Vanes of double slotted flaps are frequently located at 
positions where a large portion of their length extends under 
the wing slot lip. In such a position, with a converging 
passage all the way to the trailing edge of the slot lip, the 
minimum pressure is measured far back on the vane. Other 
double slotted flaps are so positioned that the vane is ac- 
tually behind the wing slot lip and the pressure distribution 
reaches a peak at the vane leading edge. It may easily be 
seen from these considerations that the aerodynamic moment 
and the pressure chord forces on these vanes depend to a 
great extent on vane position and may vary over a very 
wide range. Flap and vane load characteristics for the air- 
foil double-slotted-flap combination, for which lift data are 
shown in figure 41, are presented in figure 47. These data 
show that flap and vane load characteristics for this con- 
figuration vary in a regular manner with flap deflection up 
to a deflection of 40°, at which deflection the lifts and flap 
loads cease to increase with deflection and the variation of 
flap loads with lift coefficient becomes erratic. 



Figure 46.— Comparison of envelope polars for two airfoil sections equipped with double 
slotted flaps. I?=3.5X10 6 . 
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(a) Flap. 

Figure 47. Section force and moment characteristics for the double-slotted-flap 
arrangement on an NACA 63,4-421 (approx.) airfoil; partial slot-entry-skirt 
extension (see fig. 42 (b)). 7?=2.4X10 6 . 

EXTERNAL-AIRFOIL FLAPS AND VENETIAN-BLIND FLAPS 

Two other devices, external-airfoil flaps and venetian-blind 
flaps, which operate on principles similar to slotted flaps are 
deserving of note although they are perhaps not as widely used 
as other types. External-airfoil flaps are actually separate 
lifting’ surfaces mounted externally to the wing near the 
trailing edge. For normal flight conditions the flap is kept 
at a small angle relative to the wing and for landing or take 
off the flap is deflected to a position, very similar to that for an 
extensible slotted flap. Data are presented in references 12 
and 52 to 56 for several airfoil sections equipped with 
external-airfoil flaps. Maximum lift coefficients of airfoils 
with external-airfoil flaps are shown to be similar to those 
obtained with slotted flaps of similar size when the coeffi- 
cients are based on the area of the airfoil alone. Since the 
external-airfoil flap remains exposed to the air stream 
whereas the slotted flap is retracted to form the original 
airfoil contour, external-airfoil flaps produce slightly higher 
drag in the high-speed configuration than slotted flaps which 
provide the same maximum lift coefficient. Considerations 
of the flow around the airfoil and flap indicate that the 
external-airfoil flap should also be susceptible to icing 
hazards in the high-speed configuration. For these reasons 
(that is, no greater maximum lift than slotted flaps, high 
drag in the high-speed configuration, and possible icing 
problems) external-airfoil flaps have not been widely ac- 
cepted although they offer some advantage over other types 
of flap in providing lateral control with a full-span flap. 



(b) Vane. 

Figure 47.— Concluded. 


Venetian-blind flaps are made up of a system of relatively 
small chord slats. Data are presented in references 57 and 
58 for an NACA 23012 airfoil equipped with various venetian- 
blind-flap configurations. Variations in size and number of 
slats, deflection of the flap system as a whole, and individual 
deflections of the various slats were considered in these 
investigations. The data show that the multiple-slat flaps 
did not give significantly higher maximum lifts than a single 
slotted flap of the same total chord but gave considerably 
higher pitching moments. 

SUMMARY OF SLOTTED-FLAP DATA 

Slotted flaps are shown to provide higher maximum lift 
coefficients than any of the other devices discussed. Double 
slotted flaps are more efficient, particularly for airfoils of 
small thickness ratios, than single slotted flaps. Increases 
in total chord are shown to provide increases in maximum 
lift coefficients of single slotted flaps, whether obtained by 
increasing the flap size or increasing the slot-lip extension. 
Sharp corners or skirt extensions at the slot entry are shown 
to reduce the maximum lift coefficients of thick airfoils with 
slotted flaps although the entry condition seems to have 
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little effect on the maximum lift coefficients of thin airfoils 
with slotted flaps. Bending down the slot lip to direct the 
air flow down over the flap has been shown to have an 
advantageous effect on maximum lift coefficient. Data that 
are available seem to indicate that flap noses should have 
shapes similar to those of good airfoil sections. The best 
positions for highest maximum lift coefficients of double 
slotted flaps seem to fall within fairly well-defined limits 
although a few cases are shown where the best position falls 
outside these limits. The best positions of single slotted 
flaps are not so well defined. Maximum lift coefficients of 
both single and double slotted flaps are very sensitive to 
flap position, however, and optimum configurations cannot 
be predicted with any degree of accuracy. 

Drags of airfoils with both single and double slotted flaps 
are lower than those of airfoils with plain or split flaps because 
the separation of the flow over the flap at relatively low deflec- 
tions is prevented by the boundary-layer-control action of 
the slots. At a given lift coefficient, the drag of airfoils 
with slotted flaps is lowered if either the flap size or the slot- 
lip extension is increased. At moderate lift coefficients, the 
drag coefficients of double slotted flaps are higher than those 
of single slotted flaps. 

Pitching moments of airfoils with both single and double 
slotted flaps are of the same order of magnitude as those 
shown by thin-airfoil theory if the pitching moments of the 
slotted flaps are defined on the basis of total chord with 
flap extended. 

Normal-force coefficients of single slotted flaps or the 
flap parts of double slotted flaps are of approximately the 
same/ order of magnitude and usually reach maximum 
values of 1.6 or 1.8 at high flap deflections. Very high 
normal-force coefficients (as large as 5.0) are encountered 
on vanes of double slotted flaps, and aerodynamic moments 
and pressure chord forces can vary over wide ranges depend- 
ing on vane position. 

Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., May 13, 1948. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 


Axis 


■ \ ' 

Moment about axis 

Angle 

i 


Velocities 

Designation 

Sym- 

bol 

F oree 
(parallel 
to axis) 
symbol 

Designation 

Sym- 

bol 

Positive 

direction 

Designa- 

tion 

Sym- 

bol 

Linear ; 
(compo- 
nent along 
axis) 

Angular 

Longitudinal. 

X 

X 

Rolling. 

L 

Y \Z 

. - s 

Roll ... . 

•A 

9 

u 

P 

Lateral 

Y 

Y 

Pitching 

M 

z- — >x 

Pitch.. 

v ■ 

Q. 

NormaL 

Z 

Z>, 

Yawing. 

• N 

x +F 

Yaw.. 

* 

w 

r 


Absolute coefficients of moment 


r>* 


Angle of set of control surface (relative to neutral 
position), <5. (Indicate surface by proper subscript.) 


(rolling)'"'" (pitching) (yawing) 


4. PROPELLER SYMBOLS 


D Diameter 

p Geometric pitch 

pfP Pitch ratio 

V' Inflow velocity 

Fs Slipstream velocity 


P Power, absolute coefficient C P - 


pn?D 6 


V' Inflow velocity C * Speed-power coefficient t - 

V» Slipstream velocity v Efficiency V ^ F A, 

T Thrust, absolute coefficient C T ~ — ^ n Revolutions per second, rps N ^ ' 

• x ' > pn 2 IP -F ; % ; / V \ 

O $ Effective helix angle— tan M w— - ) 

Q Torque, absolute coefficient C Q — ■ F \2vrnS ^ 

5. NUMERICAL RELATIONS A A 


1 hp=76.04 kg-m/s~550 ft*lb/&ec 
1 metric horsepower =0.9863 hp 
1 mph==0.4470 mpa 
1 mpa=2.2369 mpli 


1 lb=0.453G kg F 

1 kg =2 2046 lb 
1 mi=l, 609.35 ro=^5*2S0 ft 
1 m= 3.2808 ft ' 1 ' 
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